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The experiments here reported were made as part of an experimental inquiry 
into the mechanism of energy transfer for cell division in the fertilized eggs of 
Arbacia punctulata.  It has of late become increasingly apparent that efforts 
to relate metabolism to function must be based on a detailed knowledge of the 
metabolic processes in the particular tissue in question.  Accordingly, for some 
time an effort has been made in this laboratory to establish for Arbacia eggs 
(a)  the concentration of certain catalytic substances which are known to be 
important for respiratory electron transfer, and (b) the relation of these agents 
to the individual metabolites and their activating proteins.  In the course of 
this program, it has been shown (1)  that the eggs contain an enzyme which, 
with cytochrome c as a substrate, displays the properties of an electromotively 
active iron-porphyrin oxidative catalyst.  It has also been shown that Arbacia 
eggs contain flavin-adenine dinucleotide (2). 
The present paper deals with the occurrence of diphosphothiamine (cocar- 
boxylase) in Arbacia eggs.  In certain ceils,  this substance is involved in at 
least one type of oxidative energy transfer, namely, the coupling of pyruvate 
oxidation  with  phosphorylation  (3-6);  diphosphothiamine  also  catalyzes  a 
number of other metabolic processes in animal  tissues,  especially those con- 
cerned with both aerobic and anaerobic utilization of pyruvic acid (7).  It was 
therefore of interest  to  find that  the diphosphothiamine  content of Artacia 
eggs,  2-3 micrograms per gram wet weight, is comparable with that in ether 
animal tissues  (8, 9), and that crude enzyme preparations from Arbacia eggs 
can cause pyruvate to disappear both aerobically and anaerobically. 
Experimental Methods  and Materials 
Principle o[ Diphosphothiamine and l~yruvate Determinations.--Diphosphothiamine 
was estimated by manometric measurement of the rate of decarboxylation of pyruvie 
acid under conditions where the rate of CO2 liberation was proportional to the con- 
centration of diphosphothiamine. 
Pyruvie acid was  estimated,  as  suggested  by Warburg  and  Christian  (10),  by 
manometric measurement of the total CO2 liberated by carboxylase from solutions 
of pyruvic acid. 
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Preparation and  Test of Carboxylase.--Carboxylase  was prepared from dried top 
ale yeast,  1 essentially according to  the directions of  Green, Herbert, and Submh- 
manyan (11).  Both the preparation and splitting of the carboxylase were based on 
the methods of Benditt (12); we are greatly indebted to Dr. Benditt for putting his 
results  at  our  disposal.  As  here  employed,  the  carboxylase  preparation was  as 
follows:  150 cc. of 0.067 •  phosphate buffer, pH 7.2, were warmed to 40  ° C. in a 500 
cc.  Erlenmeyer flask,  and 50  gm.  of  dried yeast were added slowly with shaking. 
The mixture was kept at 38  ° C.  for  1 hour, with occasional shaking; 50 cc.  water 
were then added.  The mixture was centrifuged for 20  minutes in an angle head 
centrifuge at about 2000 gravity.  The residue was discarded.  To the supernatant 
liquid were added  14 cc.  0.5  ~  phosphate buffer, pH 7.2, followed  by 7 cc.  of  1 M 
calcium acetate drop by drop with constant stirring.  The mixture was again centri- 
fuged for 10 minutes in an angle head centrifuge at about 2000 gravity.  The pre- 
cipitate was discarded.  38 gm. reagent grade ammonium sulfate were added slowly 
to each 100 cc. of the supernatant liquid; the suspension was stirred until the salt was 
in solution.  The carboxylase was used in the form of this suspension and could be 
preserved for several weeks at 8  ° C. without loss of activity. 
The activity of carboxylase was determined manometrically in Warburg vessels 
as described below under test system for diphosphothiamine  in Arbacla eggs.  Results 
were expressed in terms of units (11) of activity per cubic centimeter; i. e., the re- 
ciprocal of the volume of enzyme suspension necessary to produce  100 c.mm. CO2 
in 3 minutes at 30  ° C.  For the test, the main compartment of each vessel contained: 
0.05  cc.  carboxylase suspension; 0.05  cc.  of a  solution containing 1 mg.  synthetic 
diphosphothiamine per cc.; 0.35 cc. 0.25 M phosphate buffer, pH 6.4; 2.35 cc. water. 
The side arm contained 0.5 cc. 1.6 M sodium pyruvate. 
Preparation  and  Test  of Split  Carboxylase.--To  a  mixture of  20  cc.  carboxylase 
suspension, prepared as described above, and 40 cc. water in a 250 cc. graduate, 8 cc. 
concentrated ammonia were added; the mixture was allowed to stand 10 minutes at 
room temperature.  Then 72 cc. of a saturated solution of reagent grade ammonium 
sulfate were added and thoroughly mixed with the ammoniacal solution.  The re- 
sulting suspension was centrifuged in an angle head centrifuge for 30 minutes and the 
supernatant discarded.  The precipitate was taken up in 10 cc.  0.25  M phosphate 
buffer, pH 6.4, the solution transferred to a 25 cc. graduate, and the centrifuge tubes 
rinsed with 5 cc.  of the buffer which was then added to the enzyme solution.  To 
the combined solutions 9.5  gm. reagent grade ammonium sulfate were added; the 
mixture was stirred until the salt dissolved.  After adjustment to pH 6.4 the volume 
was made up to 25 cc. with the 0.25  ~  phosphate buffer.  This suspension of car- 
boxylase protein, which was  virtually free  from diphosphothiamine, was  used for 
1 Top brewer's yeast; obtained from the Croft Brewery, Boston, Massachusetts, 
was collected on large Buchner funnels and washed with 5 volumes of tap water, 
followed  by 1 to 2 volumes of distilled water.  Filtration by suction was continued 
until the cake started to break up.  The yeast was spread on sheets of filter paper, 
in as fine a  state of division as possible, and dried overnight under a  fan at room 
temperature.  The particles were crushed by rolling with a  large bottle and sifted 
through a fine screen.  The quicker the drying process, the more active the dried yeast. ~r.  ~..  KR.tm.,  ~.  J.  J~Ol~.~,  .tt,  m  G.  ~.  A.  CT.OVCES  735 
the  diphosphothlamine determinations; it  could be  preserved  for  a  week  or  two 
at 8  ° C. 
For the test, the main compartment of each Warburg vessel received:  0.05 cc. of 
split earboxylase; 0.3 cc. of a solution containing 410 rag. MnSO4.4H~O per 100 cc. 
in water; 0.05 cc. of a solution containing 1 nag. synthetic diphosphothiamine per cc.; 
0.35  cc. 0.25  ~r phosphate buffer, pH 6.4; 2.05 cc. water.  The side arm  contained 
0.5  cc.  1.6  x~ sodium pyruvate.  The test was  run, and the  results  expressed,  as 
described above for the complete carboxylase enzyme. 
By this method of preparation, solutions containing 5 to 8 units of  carboxylase 
per cc.  (when resaturated with diphosphothiamine) were obtained. 
This method of preparing split carboxylase yielded enzyme preparations  which 
gave, in the above test, a blank value (i. e. in absence of added diphosphothiamine) 
equal to only 0 to 5 per cent of the value obtained when the enzyme was saturated 
with added diphosphothlamine.  Any blank value initially displayed by  the split 
carboxylase tended to decrease or disappear after a day or two of storage at 8  ° C. 
Preparation and Test of Sodium Pyruvate.--17.6 gin. Eastman Kodak Co. pyruvic 
acid  (No. 498)  were cooled  in an ice-salt bath and neutralized drop by drop with 
strong (5 to 10 N) NaOH, the temperature being kept below 2  ° C.  As the end point 
was approached, a drop of bromcresol purple was added and neutralization  continued 
until there was a distinct color change.  Final adjustment to pH 6.4 was made with 
1 I~ NaOH, using the glass electrode; the solution was then made up to 100 cc. with 
water. 
For test  of  the  strength of  the pyruvate solution, three  Warburg vessels were 
required with the following contents, in cc.: 
(I)  (2)  (3) 
Main compartment: Carboxylase ..................  0.5  0.5  None 
0.25 ~¢ phosphate, pH 6.4 .......  0.3  0.3  None 
Water ........................  1.5  2.0  2.3 
Side arm: pyruvate solution, diluted 1 : 100 ..........  0.5  None  0.5 
Center cup: 2.5 N HC1 ...........................  0.5  0.5  0.5 
After a  10 minute period of equilibration at 30  ° C. the pyruvate was dumped and 
the side arms rinsed.  Readings were taken until a  constant value for CO2 evolved 
was obtained; this took up to 2 hours or more.  The acid in the center cup was then 
mixed with the contents of the main compartment and the readings continued until a 
constant value was  again  obtained.  The  CO~. evolution from  decomposition of 
pyruvate was given by the difference of (1)  -  (2)  -  (3).  If the undiluted pyruvate 
solution had been made from pure pyruvic acid and no decomposition had occurred 
during neutralization, it should have been 2 ~¢ in strength; the value usually obtained 
here was 1.3-1.6 ~r. 
Preparation of Arbacia Egg Extracts and Tkdr Assay for Diphosphothiamine.--Ripe, 
mature eggs of Arbacia punctulata were obtained at Woods Hole during July, August, 
and early September,  1941.  When necessary, they were fertilized and allowed to 
develop at 20  ° C.  according to methods reported in previous papers of this series. 
The volume of the eggs was, in every case, determined on the unfertilized eggs by the 
hematocrit method  (2700 times gravity for 5 minutes).  Each cubic centimeter of 736  CELL ~ETABOLIS~I AND  CELL DIVISION. 
eggs corresponded to approximately 5  X  l0  s eggs.  The diphosphothiamine values 
per cubic centimeter of eggs were converted to a wet weight and a dry weight basis 
using an egg density of 1.09 (13) and an egg solid content  s of 24 per cent (14).  There 
is 0.1 mg. N per mg. dry weight (14). 
Diphosphothiamine was determined at three stages in egg development at 20  ° C.: 
unfertilized; at  30 minutes after fertilization, by which time the eggs  were in the 
sperm aster stage; and at  l0 hours after fertilization, by which time the eggs had 
just hatched  from  their fertilization membranes and become swimming blastulae. 
In each case the eggs were  allowed to develop, with occasional stirring, in a  large 
volume of sea water contained in a large crystallizing dish; this was kept in a water 
thermostat.  For analysis, the eggs were collected by sharp centrifuging. 
Except where otherwise noted, the extraction fluid was  1 N NaCI,  to which an 
appropriate amount of HCI or NaOH was added to give the final desired pH in the 
egg  extract.  Preliminary tests  showed  that  most  of  the  echinochrome could  be 
removed, along with the denatured egg protein, if the salt solution was employed 
instead of water.  Other agents, such as protein precipitants, non-aqueous solvents, 
and thiamine chloride were added to the extraction fluid as described under "Experi- 
mental results."  In a few instances the eggs, suspended in the extraction fluid, were 
broken up by 1 to 2 minutes homogenizing  in a Waring mixer but, since this procedure 
did not increase the yield of diphosphothiamine, it was subsequently abandoned. 
The type procedure finally adopted and recommended for the extraction was as 
follows:  Two 10 cc.  samples of egg suspension, each containing about 0.5 gm. wet 
eggs,  were transferred to  15 cc.  graduated centrifuge tubes, by means of a  pipette 
with a wide opening, and packed by centrifuging gently for 2 minutes.  To the first 
sample, 5 cc. of extraction fluid were added without stirring up the eggs, and the tube 
placed in a boiling water bath.  The fluid and eggs were mixed by means of a small 
stirring rod and the tube left in the water bath with constant mixing for a total of 3 
minutes.  The tube was then cooled and centrifuged at 2700 gravity for 3 minutes. 
The supernatant fluid was transferred to another graduated tube.  A fresh 5 cc. of 
extracting fluid were added to the precipitate, the  tube kept in the  boiling water 
bath  for  3  minutes, cooled,  and  centrifuged as  described  above.  The  resulting 
supernatant fluid was mixed with that obtained during the first extraction, and the 
combined volumes of extract and precipitate noted.  If necessary, the extract was 
brought to pH 6.4-6.7 for the test.  The total volume of extract was taken as the 
sum of the volumes of egg residue, combined egg extracts, and solution added for pH 
adjustment.  This total volume was usually 10 to 12 cc.  Control experiments showed 
that a  single 5 cc. or  10 cc. extraction was inadequate and that the yield was not 
improved by increasing the number of extractions beyond the second.  The second 
sample was used for recovery of added diphosphothiamine; it was extracted with a 
previously prepared mixture of 5 cc. extracting fluid plus 0.1  cc.  of a  solution con- 
taining a known amount (usually 1 to 5 micrograms) of added synthetic diphospho- 
thiamine.  The mixture was added to the packed eggs immediately before transfer 
2 The previously used value of 18 per cent solids,  taken from older work, has since 
been found to be incorrect and has therefore been replaced by the higher value here 
employed, which was obtained for eggs handled in the same manner as the eggs used 
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to the boiling water bath.  5 cc. of extracting fluid were added to the tube in which 
the original mixture was prepared,  this  tube  thoroughly rinsed,  and  the resulting 
solution used for the second extraction. 
The egg extracts were assayed for diphosphothiamine as follows: The main com- 
partment of each Warburg flask received 0.3 cc. split carboxylase, 0.3 cc. Mn solution 
(410 mg. MnSO4-4HsO per 100 cc. water), 0.5 cc. egg extract, 0.2 cc. 0.25 x~ phosphate 
buffer, pH 6.4,  and  1.5  cc.  water.  The side arm received 0.5  cc.  1.6 M pyruvate. 
The materials were pipetted into the flasks in the order given, and the contents of the 
flask were  mixed  thoroughly  after  each  addition.  The  vessels were  equilibrated 
at 30  ° C. with air as gas phase.  After 5 minutes the stopcocks were closed, and after 
10 minutes total equilibration time the contents of the side arm were dumped and 
readings taken every 3 minutes for 18 minutes; the 3 minute reading was taken as 
zero time and the rate of gas evolution determined from the slope of the C02 evolu- 
tion-time curve. 
The amount  of diphosphothiamine present in each unknown  solution was deter- 
mined by comparison with a calibration curve obtained with a series of flasks in which 
the  egg extract had  been  replaced with  the same  volume of an  aqueous  solution 
containing from 0.1  to 0.5 microgram of synthetic diphosphothiamine.  Over a  12 
to  15  minute period, the  COs  evolution was linear with time at concentrations of 
synthetic diphosphothiamine up to 0.4 to 0.5 microgram per flask.  Likewise, the rate 
of COs evolution per unit  time was linear with respect to diphosphothiamine con- 
centration up to 0.4 microgram of synthetic diphosphothiamine per flask; the volume 
of egg extract was adjusted to make the amount of diphosphothiamine per flask fall 
within this range.  Under the conditions stated, the average CO2 evolution (in excess 
of the blank) was approximately 150  to 200 c. ram. per hour per 0.1  microgram of 
synthetic diphosphothiamine, the rate varying somewhat with different split carboxy- 
iase preparations, but remaining constant for a week or more with any single prepara- 
tion.  A new calibration curve was run with each fresh split carboxylase preparation, 
and  one or two points were  checked at frequent  intervals.  Complete analyses in 
duplicate agreed within  4-8 per cent.  From fourteen analyses carried out by the 
final extraction method, the recovery of diphosphothiamine was 92 per cent with a 
standard deviation of 7.9. 
The  diphosphothiamine standard was a  sample of synthetic cocarboxylase from 
Merck and Co., Inc. (lot No. 41811), containing 12.64 per cent phosphorus and 11.74 
per cent nitrogen (theory for CI~H10OTN4SC1Ps-H~O,  12.96  per cent P  and  11.68 
per cent N).  Through the kindness of Dr. R. A. Peters, who provided a  sample of 
synthetic cocarboxylase (Merck lot No. 32079)  which had been found in his laboratory 
to have 60 per cent of the activity of Lohmann and Schuster's (15)  natural  cocar- 
boxylase from yeast, it was possible to determine the absolute activity of the sample 
here employed.  By the above described manometric test, sample 41811 had, within 
the limits of experimental error, the same activity as sample 32079,  thus agreeing in 
activity with the two samples of synthetic cocarboxylase which Weil-Malherbe (16) 
compared with  the  natural  substance.  On  the  basis of  these  results, the diphos- 
phothiamine values, as determined in terms of sample 41811, were multiplied by 0.6 
to convert them to a  natural yeast cocarboxylase basis; the values given in the text 
and tables are in terms of natural coearboxylase and would be 1.67 times as large if 
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TABLE I 
Apparent Diphospkothiamine*  Content of Arbacia Eggs in the Unfertilized  States  (U), and After 
30 Minntes  (0.5  F) and  10 Hours  (10 F) of Development  at 20°C.,  as Determined  After 
Extraction  of the Eggs at  Varioua  pH Values  in the Absence  of Added  Thiamine 
H ydrocldoride 
Diphos-  Recovery  of  Recovery  of di-  phosphothiamine 
Exp.  Stage of  Extrac-  pH of egg  Wet  phothia- diphosphothia-  carried  through 
No.  Date  egg de-  tion  extract be-  weight  mine  mine added to  entire  extraction 
meth-  fore  neu-  eggs  found  per  test system  process 
velopment  od~  tralization  used  gin. wet 
weight  Added  Found  Added  Found 
rag.  iJg.  ~g.  !  per cent  lag.  per cenl 
21  7-10-41  U  1  3.0  990  1.2  0.59  0 
24  7-14  U  1  3.0  1770  0.8  0.12  93  2.2  80 
26  7-16  U  1  3.0  1430  1.3  2.2  54 
0.5 F  i  3.0  1430  1.2  2.2  0 
10 F  1  3.0  1430  1.2  2.2  0 
28  7-17  U  2  3.0  1030  1.1  2.2  128 
0.5 F  2  3.0  1030  0.9  2.2  82 
29  7-18  U  2  3.0  724  1.6  2.2  19 
32  7-21  U  3  6.0  1195  0.6  2.3  67 
33  7-21  U  4  3.0  1250  1.0  0.06  93  2.3  82 
35  7-22  U  5  6.0  1210  2.7  1.6  110  2.3  94 
35A  7-22  U  6  3.0  725  1.4  0.06  90  2.3  57 
36  7-23  U  7  3.0  875  0.3  0.06  109  2.3  61 
38  7-24  U  8  3.9  507  0.6  0.06  72  2.3  57 
51  8-6  U  9  5.0  396  1.0  0.06  98  2.6  80 
0.5 F  9  5.4  396  1.1  0.06  100  2,6  72 
10 F  9  5.1  396  0.6  0.06  100  2.6  77 
56  8-7  U  10  4.0  298  0.4  0.06  107  2,6  82 
0.5 F  10  4.0  298  0.8  2.6  65 
10 F  10  4.0  298  1,3  2.6  66 
66  8-12  U  11  4.8  560  0.5  2.7  71 
0.5 F  11  4.8  560  0.4  2.7  81 
66A  8-12  U  12  4.2  510  0.7  2.7  76 
70  8-13  U  13  4.9  536  0.3  2.7  71 
0.5 F  13  4.9  536  0.3  2.7  74 
* Referred to natural yeast cocarboxylase as standard.  See "Experimental methods and 
materials." 
~:The  extraction methods were as follows: 
1.  The packed eggs were taken up in 10 to 20 volumes 1 M NaC1 which was 0.03 N in HC1, 
homogenized in the Waring mixer for  1 minute at high speed, heated 5  minutes, cooled  2 
brought to pH 6.4, filtered. 
2.  Same as method (1),  except for inclusion of 0.5 rag. CaC12.2H20  per cc. of extraction 
fluid; this procedure caused almost complete precipitation of echinochrome  from the extracts. 
3.  The packed eggs were taken up in 20 volumes distilled  water, homogenized  in the Waring 
mixer for 1 minute at high speed, filtered. 
4.  Same as (1)  without heating. 
5.  Same as (3),  except that, after homogenizing in the Waring mixer, the egg brei was M.  E.  KRAHL, B.  J.  JANDORF, AND  G.  H.  A.  CLOWES  739 
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Dipkosphotkiamine Content of Arbacia Eggs.--It was  found that  both  the 
naturally present and added diphosphothiamine were very difficult to recover 
quantitatively from either the heated or unheated egg extracts.  The results 
of a  number of preliminary extraction procedures are illustrated by the repre- 
sentative data given in Table I, from which it may be seen that the diphospho- 
thiamine values varied from 0.3 to  1.6 micrograms per gram of wet eggs and 
the recovery of added diphosphothiamine  varied, apparently with no consistent 
relationship to the diphosphothiamine  content of the eggs, from 0 to 90 per cent. 
Investigation of  the  recovery  at  various stages  of  the  extraction process 
showed  that added diphosphothiamine was not lost as a  result of  the phos- 
phatase activity of  the eggs,  the degree of acidity used,  the heat  treatment 
employed, but by becoming bound to the egg residue.  This is illustrated by 
a  typical experiment: 
5 identical afiquots of unfertilized eggs from the same batch were treated as follows: 
The first sample of packed eggs was taken up in 3 volumes of 1 l~ NaC1  containing 
0.03 N HC1, homogenized for  1 minute in a  Waring mixer, heated 5 minutes in a 
boiling water bath, cooled,  neutralized, and filtered; this was the reference sample 
upon which recovery calculations for the other four samples were based.  The second, 
third, fourth, and fifth samples were carried through exactly like the first, except that 
known amounts of diphosphothiamine were added just before homogenizing, before 
heating, before filtering, and before  test,  respectively.  The percentage  recoveries 
were, respectively, 80,  72, 80,  105. 
adjusted to pH 8 with NaOH and allowed to stand for 10 minutes at room temperature, then 
brought to pH 6.4 and filtered. 
5. The packed eggs were taken up in 30 volumes 1 ~¢ NaCI which was 0.03 N in HC1, 
homogenized in the mixer for  1 minute at high speed; enough calgon (calcium hexameta- 
phosphate)  to give 1 mg. per cc. was then added;  the mixture stirred for  10 minutes and 
centrifuged.  The supernatant extract was then adjusted to pH 5.4. 
7.  Same as (6) except that, after the calgon addition,  the mixture was heated 5 minutes, 
allowed to stand 10 minutes, then centrifuged and the supernatant brought to pH 6.4. 
8.  Same as (1), except that extraction was made with 1 ~¢ NaC1 which was 0.005 N in HC1. 
9.  The packed eggs were taken up in 5 cc. 1 M NaC1 which was 0.005 ~ in HC1, heated 3 
minutes, cooled, centrifuged; the supernatant liquid was transferred to another tube.  This 
extraction  was repeated  with another 5 cc. of the same extraction  fluid, the supematant 
extracts  combined, brought to pH 6.4, filtered. 
10.  Same as (9), except that first extraction was made with 1 ~  NaC1 which was 0.008 
N in HC1. 
11.  Same as (9), except that first extraction was made with 1 ~¢ NaCI which was 0.008 N 
in HC1, the second with 1 ~ NaC1 0.005 ~ in HCI. 
12.  Same as (9), except that both extractions were made with 1 M NaC1 which was 0.05 
~¢ in sodium acetate and 0.05 N in HC1. 
13.  Same as (9) except that each extraction was made at 70°C. for 5 minutes instead of in a 
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Thus,  there  was  essentially complete recovery at  every stage  except  the 
filtration, where the diphosphothiamine was subject to no loss except by binding 
to the egg residue or to the sodium tungstate-precipitable material left in the 
heated egg extracts.  Use of calgon  (calcium hexametaphosphate) as a  pre- 
cipitating agent was unsuccessful, as was removal of protein material by warm 
50 per cent acetone; reduction of the amount of diphosphothiamine added for 
recovery and variation in egg extraction fluid ratio also failed to give higher 
recoveries (Table I).  It was later found that recoveries ranging from 80 to 104 
per cent (the average was 92 per cent with a standard deviation of 7.9)  could 
be obtained by a combination of two procedures: (a) addition of 40 micrograms 
per  cc.  of thiamine hydrochloride (i.e.  vitamin BI hydrochloride or thiamin 
chloride) to the extraction fluid, and (b)  adjustment of the extraction pH to 
a value of 6.3-6.7; neither procedure was effective when used separately. 
The  use  of thiamine hydrochloride was  suggested by  the  observation of 
Ochoa and Peters  (8),  confirmed by Westenbrink and  coworkers  (17),  that 
thiamine  hydrochloride  could  stimulate  the  activity  of  a  relatively crude 
yeast carboxylase preparation.  Though this effect was attributed by these 
authors to inhibition of phosphatase activity, it seemed possible, in view of the 
fact that the added diphosphothiamine was in contact with the unheated eggs 
for only a few seconds at most, that the thiamine hydrochloride might produce 
this effect in the egg extracts by displacing diphosphothiamine from linkages to 
catalytically inactive protein, thus enabling the diphosphothiamine to combine 
with the  catalytically active protein  to  enhance the overall activity of the 
decarboxylating enzyme. 
With this possibility in mind, the effect of thiamine hydrochloride on the 
effectiveness of diphosphothiamine extraction from the eggs and on the activity 
of egg extracts was tested.  A typical experiment is summarized in Table II. 
It was found: (a)  that thiamine hydrochloride did not stimulate the activity 
of the present samples of split carboxylase when these were supplied with pure 
diphosphothiamine; (b) that the catalytic activity of a given amount of diphos- 
phothiamine in the egg extracts could be greatly enhanced by inclusion of a small 
concentration of thiamine hydrochloride in the manometric assay system, this 
effect reaching a maximum at about 5 to 10 micrograms per flask (i.e.,  1.6 to 
3.2 micrograms per cc. of assay system); (c) that addition of thiamine hydro- 
chloride directly to the extraction fluid before its addition to the eggs also in- 
creased the amount of diphosphothiamine found in the assay; and (d) that the 
effect of adding 40 micrograms of thiamine hydrochloride to each cubic centi- 
meter of extract was the same, regardless of whether the addition was made to 
the original extraction fluid or to the system directly before assay of the extract. 
These observations appear to cast some light on the variable diphosphothiamine 
values obtained by the methods summarized in Table I, since they indicate 
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depends  on the  amount of free  (non-phosphorylated)  thiamine also present. 
Preliminary analyses by the thiochrome method  (18)  indicated  that the eggs 
contain  about one-tenth  to one-half as much free thiamine as diphosphothi- 
amine,  the  ratio  varying  with  individual  egg  samples;  this  would  provide 
amounts of thiamine hydrochloride ranging up to a few tenths of a microgram 
per flask.  Such amounts of thiamine, if present in certain extracts and absent 
in others, might cause considerable variation in apparent yields of diphospho- 
TABLE H 
Effect  of Tkiamine Hydrockloride  on Carboxyla~e Activity of Test System  Formed from Splil 
Carbox'ylase and Arbacia Egg ExSracts* 
Thiamine hydro-  COt evolution per 15 min. per 3.3 cc. test system containing: 
chloride added to 
test system  0.5 cc. Extract  1  0.5 cc. Extract 2  0.S cc. Extract 3  0.5 cc. Extract 4 
Ug. per 3.3 co. 
o 
1 
2 
5 
2o 
4o 
G. H° 
54 
85 
89 
94 
98 
99 
C. glM, 
95 
127 
160 
140 
140 
140 
C. @gin. 
101 
lO1 
lo5 
96 
10o 
10o 
c, M. 
141 
151 
144 
153 
143 
144 
* Extract 1:490 rag. packed eggs were taken up in 5 cc. 1 ~r NaC1 which was 0.003 ~ in 
NaOH,  heated  3 minutes, cooled, centrifuged; the  supematant liquid was transferred  to 
another tube.  This extraction was repeated with another 5 cc. of the same extraction fluid; 
the supernatant extracts were combined (pH 5.5), giving a total volume of 9.7 ce.  Of this, 
0.5 cc. was put into each test flask and run as described under "Experimental methods". 
Extract 2: Same as  extract i,  except that 2.33 micrograms of synthetic diphosphothiamine 
(equivalent to 1.40 micrograms natural cocarboxylase) were added to the first  5 cc.  portion of 
extraction fluid. 
Extract 3: Same as extract I, except that the extraction fluid contained 40 micrograms of 
thiamin chloride per cc. 
Extract 4: Same as extract 2, except that the extraction fluid contained 40 micrograms 
of thiamin chloride per cc. 
thiamine by the manometric method in the absence of added thiamine hydro- 
chloride. 
The results of a number of analyses for diphosphothiamine, using 40 micro- 
grams of thiamine hydrochloride per cc. of extraction fluid, are given in Table 
IH.  This method of extraction, when carried out between pH 2 and pH 6, 
gave consistent values for the diphosphothiamine content of the eggs, but low 
recoveries.  Only when the extraction in the presence of added thiamine hydro- 
chloride was carried out at pH 6 to pH 7 were recoveries of 80 to 100 per cent 
consistently achieved:  Extraction at higher pH values, like those previously 
mentioned at low pH, gave lower values for absolute diphosphothiamlne con- 
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It was also found (Table III) that the apparent diphosphothiamine content 
of the eggs was highest in the unfertilized eggs, somewhat smaller at 30 minutes 
after fertilization, and still  smaller  at 10 hours after fertilization.  Whether 
this decrease was due to a loss of diphosphothiamine during the development 
of the eggs, to a progressively tighter binding and less complete extraction of 
the diphosphothiamine of the eggs, or to other causes, cannot be determined 
from the present data. 
Preliminary Experiments on Pyruvate Utilization by Arbacia Eggs and Egg 
Extracts.--While  the present experiments  were in progress, it was reported by 
Barron and Goldinger  (19), using a  colorimetric  method for pyruvate deter- 
mination, that both fertilized and unfertilized Arbada eggs could use pyruvate, 
the rates of pyruvate disposal  by fertilized  and unfertilized eggs being  354 
micrograms  and  70  micrograms  per  hour per  gin.  dry weight, respectively. 
They also found eggs of Arbacia to contain about 850 micrograms of pyruvic 
acid per gin. dry weight and 2.72 micrograms of diphosphothiamine per cc. of 
packed eggs. 
In the course of the work here described, two sets of observations bearing on 
the use of pyruvate have been made.  Though these experiments were intended 
to be purely preliminary, they are reported here because  an opportunity to 
extend and complete them may not be available for a considerable  time. 
1.  Parallel samples of egg cytolysate, obtained by mixing 1 volume of packed 
eggs with 3 volumes of water, were shaken without or with added pyruvate for 
2 hours at 20°C. in Warburg vessels.  The pyruvate present at zero time and 
after 2 hours was determined by the carboxylase method as described above? 
Each experiment was run in duplicate or triplicate.  Control experiments gave 
99 per cent recovery of added pyruvic acid by this method.  Though the re- 
suits,  because  of the small  changes  in pyruvate and the limited number of 
experiments,  must be regarded as only suggestive, two points were indicated. 
In the first place, from six experiments on pyruvate utilization under aerobic 
conditions (Table IV)  cytolysates from 30 minute fertilized eggs used, on the 
average,  about 310 micrograms pyruvate per gin. dry weight per hour (1.7 X 
10  -~ moles or 75 micrograms per gra. wet weight), while cytolysates from un- 
fertilized eggs used about  160  micrograms  pyruvate per  hour per  gm.  dry 
weight (0.87 X  10  -s moles or 38 micrograms  per gin. wet weight).  These 
results tend, therefore,  to confirm in principle  the experiments  of Barron and 
8  All CO~ obtained as the result of adding carboxylase  is here calculated as pymvic 
acid, though carboxylase can (9)  liberate CO~, at a rate much smaller than from 
pymvic acid, from other possible intermediary metabolites such as oxalacetic and 
a-ketoglutaric acids.  At the first opportunity it is proposed to employ both the 
colorimetric pyruvate method and the carboxylase method for analysis of the eggs. 
This may give some indication of the extent to which a-keto acids other than pymvie 
contribute to the values here obtained. TABLE III 
Apparent  Diphosphotkiamine* Content of Arbacia Eggs in the Unfertilized State (U), and after 
30 Minutes (O.J F) and 10 Hours  (10 F) of Development at 20  ° C., as Determined after 
Extraction of the Eggs at Various pH Values in the Presence of 40 Micrograms per Cc. 
Thiamine  Hydrochloride Added  to  the Extraction  Fluid 
Stage of 
Exp. No.  Date  egg de- 
velopment 
Recovery of dlphos- 
pH of egg  Diphospho- phothiamine  carried 
Extraction extract be-  Wet weight  thiamine  through  entire ex-  found per  method~  fore neu-  eggs  used  traction process  gin. wet  tralization  weight  , 
Added  i  Found 
rag.  ~g.  ~g"  I  per cent 
87  8-20-41  U  14  2.2  575  2.5  2.7  83 
0.5 F  14  2.2  575  1.6  2.7  88 
10 F  14  2.1  575  1.9  2.7  74 
100  8-29  U  14  1.8  360  2.5  2.8  74 
0.5 F  14  1.8  360  1.7  2.8  :  77 
10 F  14  1.8  360  1.2  2.8  i  82 
103  8-30  U  14  1.9  370  3.2  2.8  65 
0.5 F  14  1.9  370  2.5  2.8  71 
10 F  14  1.8  370  1.8  2.8  70 
105  9-1  U  14  2.0  522  2.5  2.8  66 
0.5 F  14  2.1  522  1.6  2.8  79 
10 F  14  2.0  522  1.3  2.8  68 
107  9-2  U  14  1.6  386  2.9  2.8  53 
108  9-2  U  14  1.7  418  2.2  2.8  64 
U  14  1.7  418  1.9  0.7  66 
110  9-3  U  15  4.8  438  2.7  1.4  53 
U  16  5.8  438  1.9  1.4  75 
112  9-4  U  17  6.0  495  2.9 
U  18  8.7  495  2.7 
114  9--4  U  19  6.5  430  2.1  1.4  88 
U  18  8.9  430  1.7  1.4  81 
117  9-5  U  19  6.4  432  2.0  1.4  82 
0.5 F  19  6.4  432  1.9  1.4  96 
10 F  19  6.4  432  1.0  1.4  92 
118  9-5  U  19  6.5  439  2.0  1.4  80 
0.5 F  19  6.4  439  1.5  1.4  101 
10 F  19  6.3  439  1.7  1.4  97 
120  9-6  U  19  6.6  374  2.3  1.4  90 
0.5 F  19  6.6  374  2.1  1.4  90 
10 F  19  6.6  374  1.8  1.4  104 
121  9-6  U  19  6.5  376  3.4  1.4  92 
0.5 F  19  6.6  376  1.8  1.4  93 
10 F  19  6.6  376  1.3  1.4  104 
* Referred to natural yeast cocarboxylase as standard.  See "Experimental methods and 
materials." 
The extraction methods, numbered to follow those of Table I, were as follows: 
14.  The packed eggs were taken up in 5 cc. 1 ~t NaC1 which was 0.03 ~ in HC1 and con- 
tained 40  micrograms thiamine hydrochloride per cc.; the mixture was heated 3  minutes, 
cooled, centrifuged, and the supernatant fluid was transferred to another tube.  This extrac- 
tion was repeated with another 5 cc. of the same extraction fluid,  the supematant extracts 
combined, brought to pH 6.4, filtered. 
15.  Same as (14),  except that extraction fluid was 0.005 N in HC1. 
16.  Same as (14), except that extraction fluid contained no added HC1. 
17.  Same as (14), except that extraction fluid was 0.001 N in NaOH. 
18.  Same as (14),  except that extraction fluid was 0.01  N in NaOH. 
19.  Same as (14), except that extraction fluid was 0.003 N in Na0H. 
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Goldinger.  It  may  be  calculated,  without  intending further  implications, 
that the observed rates of pyruvate disposal, if expressed as complete oxidation 
to  CO, and water, would be enough to account for approximately one-third 
TABLE IV 
Change in the Pyruvate  Content  of the Cytolysate from 0.5 Cc. Arbacia Eggs during  Incubation 
under Aerobic or Anaerobic  Conditions for 2 Hours at 20  ° C. 
Exp. No. 
127 
128 
131 
132 
141 
133 
135 
136 
143 
Cytolysate from 
unfertilized (U) 
or 30 rain. (F) 
fertilized  eggs 
U 
F 
U 
F 
U 
F 
U 
F 
U 
F 
U 
F 
U 
U 
F 
F 
F 
F 
F 
F 
F 
F~ 
Without (--) 
or with (+) 
0.005 M added 
pyruvate 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Gas phase 
during in- 
cubation 
C(h liberated by carbox-  Change in pyruvate  con. 
ylase from pyruvate  in  i  tent of egg cytol~sate 
egg cytolysate  during incubation 
Pyruvate 
Before  Mter 2 hrs.  CO2  per hr. per 
incubation  incubation  equivalent  wet gin. of 
c. raM. 
Air  193 
Air  211 
Air  212 
Air  238 
Air  250 
Air  287 
Air  218 
Air  231 
Air  31 
Air  42 
Air  193 
Air  198 
N2*  245 
Air  245 
N2  270 
Air  270 
N2  83 
Air  83 
N2  298 
Air  298 
Air  244 
Air  244 
eggs 
motes per 
c. tara.  c.  tara.  1.  X  10 e 
188  --5  --0.2 
184  --27  --1.2 
206  --6  --0.3 
204  --34  --1.5 
227  --23  --1.0 
221  --66  --2.9 
194  --24  --1.1 
210  --21  --0.9 
0  --31  --1.4 
0  --42  --1.9 
144  --49  --2.2 
159  --39  --1.7 
221  --24  --1.1 
211  --34  --1.5 
300  +30  +1.3 
245  --25  --1.1 
120  +37  +1.6 
38  --45  --2.0 
285  --13  --0.6 
264  -34  --1.5 
238  --6  --0.3 
228  --16  --0.7 
* The nitrogen was purified by passage through a 20 inch column of freshly reduced copper 
turnings. 
This sample contained 20 micrograms of added synthetic diphosphothiamine (equivalent 
to 12 micrograms natural cocarboxylase) per cc. 
of the respiration of the fertilized egg and all of the respiration in the unfer- 
tilized egg. 
In the second place, the net rate of pyruvate disappearance, both with the 
cytolysate  from  unfertilized  and  the  cytolysate  from  fertilized  eggs,  was 
greater  under aerobic than under anaerobic conditions.  In two  samples of M.  E.  KRAHL,  B.  J.  JANDORF,  AND  G.  H.  A.  CLOWES  745 
cytolysate from fertilized eggs, pyruvate appeared to be formed under anaero- 
bic conditions. 
2.  Unfertilized or fertilized eggs, suspended as 50 per cent suspensions in sea 
water buffered at pH  8.0 with 0.05  ~  glycylglycine buffer, were incubated 
aerobically for 2  hours at  20°C.,  the fertilized samples being started  at 30 
minutes after fertilization.  Under  these  conditions, with adequate shaking 
in the Warburg bath, the fertilized eggs developed at the same rate as in dilute 
suspension, 90 to 100 per  cent being found in the 8-cell stage ready to proceed 
to the 16-cell stage at the end of the incubation period.  Duplicate samples 
of eggs were cytolyzed by adding an equal volume of distilled water at zero 
time.  The total pyruvate in the eggs and their suspension medium was de- 
termined by the carboxylase method.  Parallel duplicate samples were sub- 
jected to the same treatment at the end of the 2 hour incubation period.  In 
two  experiments, with 0.005  M sodium pyruvate present  in  the  suspension 
medium, the results indicated a net formation of products decomposed to CO2 
by carboxylase.  The average of two determinations, each in duplicate,  on 
unfertilized eggs was 1.0 X  10  ~  moles pyruvate  3 formed per gm. wet eggs per 
hour; the corresponding value for the fertilized eggs,  was  1.1  X  10  ~  moles 
per gm. wet eggs per hour. 
DISCUSSION 
The  data  on  recovery  of  added  diphosphothiamine,  presented  above  in 
Tables I and III, provide an interesting commentary on the value of recovery 
data in  assessing the  validity of analyses for various  cellular  constituents. 
These experiments show very clearly that, though incomplete recoveries are, 
in some instances, cause for rejection of analyses, complete recoveries cannot 
be accepted as proof that all of the substance sought is actually extracted from 
the biological material in which it naturally occurs.  It should be stated, there- 
fore, that, in spite of the constancy of analytical values obtained with various 
samples of eggs and the virtually complete recovery of added diphosphothi- 
amine,  4 the  present  estimate  of  the  absolute  amount of  this  substance  in 
Arbacia  eggs may be subject to upward revision if more effective extraction 
methods should be developed subsequently. 
Whatever  the  absolute  diphosphothiamine  content  of  Arbacia  eggs  may 
ultimately prove to be, the present experiments show quite conclusively that 
the amount of this substance in the eggs is comparable with that in other 
animal  tissues.  This  suggests  that  diphosphothiamine,  and  the  processes 
catalyzed by it, may play a  prominent rSle in the aerobic metabolism of the 
eggs.  Two further lines of evidence are available to support this suggestion. 
First,  as  reported  by  Barron  and  Goldinger  (19)  and  confirmed by  the 
4 The same reservations  are applicable  to the diphosphopyridine  nueleotide  data 
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preliminary experiments  presented in this paper, the eggs have a mechanism 
for metabolizing pyruvic acid; this disposal of pyruvic acid depends,  in some 
degree at least, on the presence  of oxygen, being apparently somewhat more 
rapid under aerobic than under anaerobic  conditions. 
Secondly, as is shown in another paper of this series (14), the eggs can obtain 
energy for development either by oxidation of carbohydrate or by oxidative 
deamination; in either case, adequate precursors for formation of pyruvic and 
other a-ketonic acids are available.  Indeed, it has been found in the present 
experiments  that developing  Arbacia eggs can,  under  certain  conditions,  ap- 
parently form pyruvic acid.  Detailed elucidation of the processes of pyruvic 
acid formation and disposal--as well as  the relation of diphosphothiamine, 
suitable phosphate acceptors,  and other factors to these processes--requires 
further experiment. 
The authors wish to thank Dr. R. A. Peters for providing a reference sample 
of cocarboxylase.  They also wish to thank Miss A. K. Keltch for performing 
the thiamine analyses referred to above, and Mr. L. A. Baker for assistance in 
preparing the eggs for analysis. 
SUMMARY 
1.  Methods suitable for the  determination of  diphosphothiamine (cocar- 
boxylase)  in eggs of Arbacia punctulata have been developed.  Quantitative 
extraction of the cocarboxylase was effected by combining the use of thiamine 
hydrochloride in the extraction fluid  with critical adjustment of the pH of 
extraction to pH 6.3-6.7. 
2.  The unfertilized eggs were  found to contain the equivalent of 2  to  3 
micrograms of natural yeast cocarboxylase per gm. of wet eggs; the cocarboxyl- 
ase content of the 30 minute and 10 hour fertilized eggs was somewhat less 
(Table III). 
3.  In preliminary experiments, Arbacia egg cytolysates were found to cause 
pyruvic acid to disappear.  The rate of such disappearance  was apparently 
greater under aerobic than under anaerobic  conditions; it was also greater for 
cytolysates from fertilized eggs than for cytolysates from unfertilized eggs 
(Table IV). 
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